INTRODUCTION
Forced by the semiannually reversing northeast and southwest monsoonal winds, circulation patterns of the northwest Indian Ocean, the Arabian Sea, have intrigued oceanographers for many years. Of particular interest is the Somali Current, unique to the region, with its reversing flow and dynamically active circulation structure, characterized by a very complex system of eddies and fronts.
During the northern winter the northeast monsoon drives northeasterly winds and a corresponding southward boundary current along the Somali coast. During the transition from winter into spring, the northeast monsoon relaxes, and the coastal current reverses along Kenya and southern Somalia. By mid-April, the southern hemisphere trade winds extend well to the northwest, and a northward surface current flows to the equator, where it turns offshore and recirculates to the south forming a southern gyre. By May the winds reverse all along the Somali coast and form a jetlike atmospheric structure [Findlater, 1971] , analogous to an oceanic western boundary current, which is confined in the west by the highlands of Kenya and Ethiopia and remains over land at very low latitudes. In June the core of this atmospheric jet crosses the coast at about 8øN and becomes very strong. A second oceanic gyre forms in the Somali Current between 4øN and 10øN to which Findlay [1866] attached the name "great whirl." This two-gyre system intensifies throughout June and is well established by mid to late July, when the winds again begin to weaken and the two gyres coalesce and begin a slow migration to the north. Extensive observations [e.g., Bruce, 1973 Bruce, , 1979 Bruce, , 1983 Brown et al., 1980; Evans and Brown, 1981; Swallow and Fieux, 1982; Schott, 1983; Swallow et al., 1983] have shown this dynamic structure along the African coast to be relatively consistent from year to year during the southwest monsoon.
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In October the winds begin to reverse, indicating the onset of the northeast monsoon, and the southward Somali current again develops. Prior to a complete wind shift, a complicated dynamic circulation structure develops around Socotra and along the Arabian peninsula. To date, little attention has been focused on this fall circulation structure; however, Cagle and Whritner [1981] used satellite infrared imagery to observe and describe a number of the complicated dynamic features of the region. They concluded from their study that the various eddies and wedges found in the northern Arabian Sea during the breakdown of the southwest monsoon are a response to wind forcing and topographic features associated with the coastal geometry. The study presented here investigates these fall dynamic features, with particular emphasis centered on the northwest Arabian Sea, north of Socotra, during September-November 1985. Cox [1970] [1976] investigated this problem and were able to show analytically that local forcing is important initially but that remote forcing effects become important over time. Cox [1976] was able to confirm this with his model but also showed that friction and nonlinear effects modify their result and that nonlinear horizontal shearing instabilities are able to produce eddies similar to those observed in the Somali Current system.
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The northward migration of the great whirl was investigated by Hurlbutt and Thompson [1976] using a two-layer numerical model in which they showed that nonlinear eddies, formed at the equator by an impulsively applied wind stress, could indeed move northward along the coast as a result of advective effects. Cox [1979] extended this investigation by incorporating effects of boundary orientation on the northward advection of the eddies and determined that migration is dependent upon boundary slope and is arrested for slopes of greater than 45 ø . The net result of these studies was Cox's [1981] conclusion that eddy movement is dependent upon advection of vorticity, vortex stretching, the beta effect, and the wind stress curl.
Further numerical studies have been conducted by Anderson and Moore [1979] , who took the Somali Current to be a free inertial cross-equatorial jet remotely forced by the southern hemisphere trade winds and found reasonable separation latitudes for the southern gyre of the Somali Current. Lin and Hurlbutt [1981] used a reduced gravity model with an impulsively applied wind, parallel to the coast and constant alongshore, to reproduce two equatorial eddies that subsequently migrated northward. Anderson [1981] , again with a reduced gravity model, showed that the southernmost gyre could be generated by the northwest penetration of the southern hemisphere trade winds at the onset of the southwest monsoon, while the northern gyre results from the departure from the Somali coast around 9øN of Findlater's low-level wind jet. Observations, described by Schott and Quadfasel [1982] , further indicate that the local curl of the wind stress in the development of the low-level jet also plays a significant role in formation of the great whirl.
The above described large-scale features are repeatable phenomena in many numerical studies. Numerous smallscale features (eddies, wedges, and fronts) are less repeatable in models and appear to be highly dependent upon the structure of the wind forcing. A number of observations have described these features along the African coast during the southwest monsoon [Bruce, 1973 [Bruce, , 1979 [Bruce, , 1983 Brown et al., 1980] . Far less attention has been devoted to the eddies and fronts found around and to the north of Socotra as the northeastward Somali Current breaks down during the transition into the southwestward Somali Current during the northern fall. developed the model used in this study and forced it with climatological winds to reproduce most of the observed features of the Somali Current system. The presence of a large, time-varying region of wind stress curl within and just offshore of the boundary region, as well as the inclusion of the entire seasonal cycle, was found to be critical for the accurate simulation of observed circulation patterns. Further study by used the same model, driven by the monthly mean winds from the First GARP Global Experiment and monthly mean climatological winds, and again reproduced the observed features of the region. An assessment was made of the effects of various forcing mechanisms (spatial and temporal inhomogeneity of the winds, negative vorticity input by the wind stress curl, and differential Ekman pumping) on the generation and decay of the two-gyre system.
In the present study, ship-observed winds for 1985 are used to force the model and generate the resultant dynamic response. Features present north of and around Socotra during the decay of the northeast Somali Current are then analyzed and compared with observations made during the period September-November 1985, for which U.S. Navy expendable bathythermograph (XBT) and NOAA advanced very high resolution radiometer (AVHRR) satellite images were collected and analyzed for the region.
In subsequent sections a brief description of the model is followed by a description of the available wind and oceanographic data, and finally an evaluation and assessment of the model's ability to effectively predict Arabian Sea dynamics, given reasonably accurate actual winds, is made based on the available XBT and satellite data.
THE MODEL
The nonlinear reduced gravity transport equations are used to model the upper ocean response to an applied wind readings were taken off the coast of Oman, while about 120 of the 170 October readings were taken around the island of Socotra) two charts are developed, one bounding the region 13øN to 23øN and 58øE to 66øE, which contains the September XBT readings, and the other bounding the region 8øN to 18øN and 50øE to 60øE, which contains the October XBT readings. Temperature versus depth profiles are then used to determine an isotherm that provides a reasonably accurate representation of the thermocline depth for the two regions. The 20 ø isotherm is most representative of the thermocline depth for the September data, while the 18 ø isotherm best represents the October thermocline depth. The readings are separated into six 10-day increments extending from September 1-10 to October 20-30, and each XBT is plotted at its correct geographic position on the appropriate 10-day chart. The six charts were then hand contoured, based upon the 20øC (September) or 18øC (October) isotherm depth. The chart for October 10-20 is shown in Figure 6 . AVHRR satellite images of the Arabian Sea covering the period August 30 to November 30, 1985, were provided by the Scripps Satellite Oceanography Facility. Owing to the recording schedule for the satellites, only daytime passes were available during the time frame of this study. A number of the images were contaminated by monsoonal moisture (channel 4) and by sun glint (channel 3), but sufficient images were acceptable to determine many of the significant oceanographic features present during the period. A sample image from the NOAA 9 pass of November 2, 1985, is shown in Figure 7 . In subsequent analyses, we consider only the quantity ASST of deviations about the mean sea surface temperature (SST) from the AVHRR data. Since we are comparing these data to model upper layer thickness, it is only the patterns of SST variability that are of interest, i.e., the location of fronts and eddies; therefore rather than a precise calibration of absolute SST we need only its gradients, which are more easily obtained.
RESULTS
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The emphasis of this study is focused on the transition period between the breakdown of the southwest monsoon and the spin-up of the northeast monsoon during SeptemberNovember 1985 for the northwest Arabian Sea, around and north of Socotra. Figure 8, Through late November and into December, with the onset of the northeast monsoon winds, the great whirl is destroyed as an area of low ULT and southwestward current propagates westward from the interior at 0.1 m/s, which is approximately the speed of a Rossby wave at this latitude. This southwestward flow reaches the coast by mid-December and becomes the winter Somali Current. The Socotra Eddy moves to the north around the North Socotra Cold Eddy to the coast of Oman. These three remaining eddies contract to the northwest and decay gradually through the winter months, and the cycle described earlier is repeated.
Climatological Assessment
To determine the significance of the oceanographic dynamic structure in this region for 1985 with respect to other years, two additional model cases are considered: one forced by observed interannual winds analyzed by Cadet Although no 2 years display the exact same structure in the interannual case, two reasonably consistent patterns frequently appear. One, in which the great whirl, Socotra Eddy and North Socotra Warm Eddy appear, occurs in 13 of the 23 years (1954, 1956, 1958, (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) 1971 , and 1972), while the other, in which the North Socotra Warm Eddy is absent from the system, occurs in the remaining 10 years (1955, 1957, 1959, 1960, 1969, 1970, and 1973-1976 along 60øE at about 14øN, 19øN, and 23øN . Elongated weak, cold eddies appear off Oman and in the Gulf of Aden. 
